Introduction
============

Osteosarcoma is one of the most common clinical malignant tumors in orthopedics. It is a kind of primary bone tissue tumor with a high degree of malignancy, which often occurs in children and adolescents and has the characteristics of strong invasion, rapid metastasis and high mortality ([@b1-ol-0-0-9696],[@b2-ol-0-0-9696]). At present, there is no ideal treatment for osteosarcoma. The commonly used methods include surgery, radiotherapy and chemotherapy, but the curative effect is not good. According to statistics, the 5-year survival rate of osteosarcoma is only 50--60% ([@b3-ol-0-0-9696]). Fragile histidine triad (FHIT) gene is an important member of histidine triad gene family. It is considered as a tumor suppressor gene, whose abnormal expression is associated with a variety of malignant tumors, such as lung, cancer and breast cancer. Studies have shown that ([@b4-ol-0-0-9696],[@b5-ol-0-0-9696]) FHIT gene plays an important regulatory role in the process of cell proliferation and apoptosis. However, the role of FHIT in osteosarcoma remains unclear. The purpose of the present study was to investigate the role of FHIT gene in the regulation of proliferation and apoptosis of Saos2 osteosarcoma cells, clarify its relationship with proliferation and apoptosis of osteosarcoma cells, and demonstrate that FHIT gene is as an effective target for the treatment of osteosarcoma.

Materials and methods
=====================

### Materials and reagents

hFOB1.19 normal human osteoblastic cell line, Saos2 osteosarcoma cell line (both from American Type Culture Collection, Manassas, VA, USA), rabbit anti-epidermal growth factor receptor (EGFR), human estrogen receptor-2 (HER-2) monoclonal antibodies and secondary goat anti-rabbit polyclonal antibody (cat. nos. ab52894, ab134182, ab6721; Abcam, Cambridge, MA, USA), Roswell Park Memorial Institute (RPMI)-1640 medium, Dulbecco\'s modified Eagles medium (DMEM-F12) (both from HyClone; GE Healthcare Life Sciences, Logan, UT, USA), fetal bovine serum (FBS), trypsin (both from Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA), penicillin, streptomycin (both from Sigma-Aldrich; Merck KGaA, Darmstadt, Germany), Cell Counting Kit 8 (CCK8) (Beyotime Institute of Biotechnology, Hangzhou, China), AceQ reverse transcription-quantitative polymerase chain reaction (RT-qPCR) Synergy Brands (SYBR) Green Master Mix kit (Vazyme, Nanjing, China), HiScript II Q reverse transcription (RT) SuperMix for RT-qPCR \[+genomic deoxyribonucleic acid (gDNA) wiper\] kit (Vazyme), Annexin V-fluorescein isothiocyanate (FITC)/propidium iodide (PI) apoptosis detection kit (Beyotime Institute of Biotechnology), restriction endonuclease *Eco*RI and restriction endonuclease *Bam*HI (both from Promega Corp., Madison, WI, USA).

The study was approved by the Ethics Committee of Zhoupu Hospital affiliated to Shanghai University of Medicine and Health Science (Shanghai, China).

### Instruments

CO~2~ cell incubator (Thermo Fisher Scientific, Inc.), fluorescence microscope (Leica DMI 4000B/DFC425; Leica Microsystems GmbH, Wetzlar, Germany), NanoDrop ND-1000 spectrophotometer (NanoDrop Technology; Thermo Fisher Scientific, Inc., Wilmington, DE, USA), fluorescence RT-qPCR instrument (ABI 7500; Applied Biosystems, Foster City, CA, USA), microplate reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA), FACS flow cytometer (BD Biosciences, Franklin Lakes, NJ, USA), Image Lab and Image-Pro image analysis systems (Bio-Rad Laboratories, Inc.).

### Cell culture

hFOB1.19 cells were cultured in DMEM-F12 complete medium containing 10% FBS and 1% penicillin and streptomycin. Saos2 cells were cultured in RPMI complete medium containing 10% FBS and 1% penicillin and streptomycin. All cells were cultured in an incubator with 5% CO~2~ at 37°C, and the medium was changed once every 3 days, followed by passage when 80% of them were fused.

### Cell passage

When 80% of the cultured cells were fused, the cell culture medium was removed, followed by digestion with 0.125% trypsin for 1 min and then gentle pipetting to digest the adherent cells. RIPM-1640 medium containing 10% FBS was added to stop digestion, followed by centrifugation at 1,200 × g for 5 min at 4°C. Then, the supernatant was removed, the medium was added for resuspension, and the cells continued to be cultured. Finally, the cells were collected for experiments when they were passaged to the third generation.

### Cell treatment and transfection

Cells were divided into hFOB, Saos2, transfection and no-load transfection groups. hFOB cells were routinely cultured in hFOB group without any treatment. Saos2 cells were routinely cultured in Saos2 group without any treatment. pcDNA3.1-FHIT overexpression vectors containing FHIT gene were transfected into the cultured cells in the transfection group. pcDNA3.1 vectors were transfected into the cultured cells in the no-load transfection group.

Transfection methods: pcDNA3.1-FHIT overexpression vectors were constructed, followed by amplification of FHIT gene in hFOB1.9 cell line and identification of pMD10-T vector sequencing. pMD10-T recombinant vectors containing correct FHIT gene fragments were dually digested with *Eco*RI and *Bam*HI, and cloned into pcDNA3.1 eukaryotic expression vectors. The overexpression plasmids containing correct sequences were mixed with liposomes, diluted with RPMI medium and allowed to rest at room temperature for 20 min. Finally, the cells were implanted and cultured with cell culture medium for 48 h.

### Western blot analysis

After transfection, the cells in each group were collected with ProteoPrep^®^ Total Extraction Sample kit (Sigma-Aldrich, Merck KGaA, Darmstadt, Germany) and added with lysis buffer, followed by ice bath for 60 min and centrifugation at 14,000 × g for 10 min at 4°C, and the protein was quantified by bicinchoninic acid (BCA) method. The standard curve and absorbance were measured by the microplate reader and the protein concentration was calculated. After denaturation of the protein, the samples were loaded (10 µl per lane) and separated by 15% sodium dodecyl sulfate-polyacrylamide gel electropheresis (SDS-PAGE) with corresponding concentration. When the marker protein ran to the bottom of the glass plate and the sample protein was basically in a straight line sinking to the bottom, the gel running was stopped. The samples were transferred onto a polyvinylidene fluoride (PVDF) membrane, sealed, rinsed with phosphate-buffered saline with Tween-20 (PBST) 3 times, and then sealed with sealing solution for 1.5 h. Primary anti-human EGFR, HER-2 monoclonal antibodies (1:1,000) and secondary antibody (1:1,000) were added successively. The membrane was rinsed with Tris-buffered saline with Tween-20 (TBST) at each step interval. After being rinsed with TBST to remove the secondary antibody, color development began. The membrane was placed in the chemiluminescence reagent (Beyotime Institute of Biotechnology, Shanghai, China) for reaction for 1 min and then developed in dark conditions. Finally, gel scanning imaging system (Bio-Rad Laboratories, Inc.) was used for analysis.

### RT-qPCR detection

Total RNA was extracted using TRIzol (Thermo Fisher Scientific, Inc.) from spare bone blocks stored at −20°C. The extracted total RNA was reversely transcribed into complementary DNA (cDNA) using RT kit (ABclonal Biotech Co., Ltd., Wuhan, China), and the reaction system was 20 µl. Fast SYBR Green Master Mix was used. The reaction conditions were as follows: reaction at 51°C for 2 min, predenaturation at 96°C for 10 min, denaturation at 96°C for 10 sec, annealing at 60°C for 30 sec, 40 cycles. The relative expression of FHIT messenger ribonucleic acid (mRNA) was calculated. The results were analyzed by using the 2^−ΔΔCq^ method ([@b6-ol-0-0-9696]). Primer sequences are shown in [Table I](#tI-ol-0-0-9696){ref-type="table"}.

### Detection of cell proliferation by CCK8

After cell transfection, the cells in each group were inoculated into a 96-well plate at a density of 3×10^3^/ml. Three replicate wells were set and each well was added with 100 µl of complete medium. The cells were cultured in an incubator with 5% CO~2~ at 37°C for 24 h. Each well was added with 10 µl of CCK8 solution, followed by incubation under the above conditions for 1 h. The optical density (OD) value was measured at a wavelength of 450 nm to calculate the cell proliferation rate.

### Detection of apoptosis by flow cytometry

After cell transfection, the cells in each group were collected and rinsed with PBS, and then the supernatant was discarded. The cells were resuspended with binding buffer and the concentration was adjusted to 1×10^5^/ml. Annexin V-FITC solution (10 µl) and 5 µl PI solution were added and mixed well. After reaction in the dark at room temperature for 15 min, the mixture was detected by flow cytometry. Data were analyzed by cytomics fc 500 (Beckman Coulter, Inc., Atlanta, GA, USA).

### Statistical analysis

In this study, Statistical Product and Service Solutions (SPSS) 20.0 software (IBM Corp., Armonk, NY, USA) was used for statistical analysis. Enumeration data are presented as mean ± standard deviation. t-test was used for data in line with the normal distribution and homogeneity of variance, corrected t-test was used for data in line with the normal distribution and heterogeneity of variance, and non-parametric test was used for data in line with the abnormal distribution and heterogeneity of variance. Chi-square test was used for enumeration data.

Results
=======

### Detection of FHIT mRNA expression via RT-qPCR

The expression of FHIT mRNA was the highest in hFOB group and the lowest in Saos2 group. Compared with that in hFOB group, the expression levels of FHIT mRNA in the other groups were significantly decreased, and the differences were statistically significant (P\<0.05). Compared with that in Saos2 group, the expression of FHIT mRNA in transfection group was significantly increased, and the difference was statistically significant (P\<0.05) ([Fig. 1](#f1-ol-0-0-9696){ref-type="fig"}). The results suggested that FHIT mRNA is highly expressed in normal osteoblast cell line, but lowly expressed in Saos2 osteosarcoma cell line. The transfection of pcDNA3.1-FHIT overexpression vectors containing FHIT gene into Saos2 cells can promote the expression of FHIT mRNA, indicating that the transfection method is effective.

### Detection of cell proliferation by CCK8 assay

Cell growth is shown in [Fig. 2](#f2-ol-0-0-9696){ref-type="fig"} hFOB group had moderate cell density, Saos2 group and no-load transfection group had high cell density with concentrated cells. The cell density in the transfection group was lower than that in Saos2 and no-load transfection groups. CCK8 results are shown in [Fig. 3](#f3-ol-0-0-9696){ref-type="fig"}: Compared with that in hFOB group, cell proliferation was significantly increased in the other groups, and the differences were statistically significant (P\<0.05). Compared with that in Saos2 group, cell proliferation was significantly decreased in transfection group, and the difference was statistically significant (P\<0.05). The results suggested that the proliferation of normal osteoblast cell line is lower, and that of Saos2 osteosarcoma cell line is higher. The transfection of pcDNA3.1-FHIT overexpression vectors containing FHIT gene into Saos2 cells can inhibit the proliferation of Saos2 osteosarcoma cells.

### Detection of apoptosis by flow cytometry

As shown in [Figs. 4](#f4-ol-0-0-9696){ref-type="fig"} and [5](#f5-ol-0-0-9696){ref-type="fig"}, compared with that in hFOB group, the apoptosis rates in the other groups were significantly decreased, and there were statistically significant differences (P\<0.05). Compared with that in Saos2 group, the apoptosis rate in transfection group was significantly increased, and the difference was statistically significant (P\<0.05). These results indicated that the apoptosis rate of normal osteoblast cell line is higher, and that of Saos2 osteosarcoma cell line is lower. The transfection of pcDNA3.1-FHIT overexpression vectors containing FHIT gene into Saos2 cells can promote apoptosis of Saos2 osteosarcoma cells.

### Detection of FHIT protein expression via western blot analysis

As shown in [Figs. 6](#f6-ol-0-0-9696){ref-type="fig"} and [7](#f7-ol-0-0-9696){ref-type="fig"}, the highest expression of FHIT protein was found in hFOB group and the lowest expression was in Saos2 group. Compared with that in hFOB group, the expressions of FHIT protein in the other groups were significantly decreased, and the differences were statistically significant (P\<0.05). Compared with that in Saos2 group, the expression of FHIT protein in transfection group was significantly increased, and there was a statistically significant difference (P\<0.05). The results indicated that FHIT protein is highly expressed in normal osteoblast cell line, but lowly expressed in Saos2 osteosarcoma cell line. The transfection of pcDNA3.1-FHIT overexpression vectors containing FHIT gene into Saos2 cells can promote FHIT protein expression.

Discussion
==========

Osteosarcoma is a common tumor with a high degree of malignancy, mainly derived from mesenchymal tissues ([@b6-ol-0-0-9696]). Osteosarcoma mainly occurs in adolescents and the growth is rapid, the metastasis and mortality rates are high, and the prognosis is poor ([@b7-ol-0-0-9696],[@b8-ol-0-0-9696]). With the progress of society and the development of science and technology, some achievements have been made in the treatment of osteosarcoma, and the 5-year survival rate is about 50--60% ([@b9-ol-0-0-9696]). However, there are still no effective and ideal methods for the treatment of osteosarcoma. At present, it is believed that abnormal expression and functional changes of multiple genes are important reasons for the rapid development of osteosarcoma ([@b10-ol-0-0-9696]). The FHIT gene is located on human chromosome 3p14.2 and encodes a protein with 16.8 kDa in size. The protein plays an important regulatory role in the process of DNA repair and cell cycle. It is currently believed that the FHIT gene is closely related to the occurrence of many tumors. A study found that retransfection of FHIT gene in esophageal, lung and breast cancer cell lines with FHIT gene knockout can effectively inhibit the growth of cancer cells ([@b11-ol-0-0-9696]). As an expression product of FHIT gene, FHIT protein can significantly inhibit the growth of human colon cancer cell line and promote its apoptosis ([@b12-ol-0-0-9696]). Therefore, FHIT gene is considered to be an effective tumor suppressor gene. At the same time, there is a close correlation between FHIT gene and apoptosis. Transfection of FHIT gene into lung cancer cells lacking FHIT gene can promote apoptosis of lung cancer cells and block the cell cycle at G0/G1 phase ([@b13-ol-0-0-9696]). In addition, adenovirus vector-mediated FHIT gene plays an important role in regulating the growth, proliferation, apoptosis and long cell cycle of human tumor cells and nude mouse tumor cells. Overexpression of adenovirus vector-mediated FHIT gene in tumor cells can effectively inhibit the growth of tumor cells, but has no obvious effects on normal cells ([@b14-ol-0-0-9696]). At the same time, overexpression of adenovirus vector-mediated FHIT gene in tumor cells can effectively promote apoptosis of tumor cells, change the process of cell cycle and increase the number of apoptotic tumor cells ([@b15-ol-0-0-9696],[@b16-ol-0-0-9696]). Overexpressed FHIT gene and its expression product FHIT protein can be obtained by injecting adenovirus vector-mediated FHIT gene into subcutaneous tumor of nude mice, and tumor growth can be inhibited at the same time, indicating that adenovirus vector-mediated FHIT gene can be highly expressed in tumor tissues and inhibit tumor growth ([@b17-ol-0-0-9696],[@b18-ol-0-0-9696]). Therefore, FHIT gene is involved in the regulation of cell apoptosis and cell cycle process. The inhibitory effect of FHIT gene on tumor growth may be achieved by promoting apoptosis of tumor cells and inhibiting the growth of tumor cells ([@b19-ol-0-0-9696],[@b20-ol-0-0-9696]). In this study, it was found that FHIT gene was abnormally expressed in Saos2 osteosarcoma cell line, and the FHIT gene expression was suppressed in Saos2 osteosarcoma cell line compared with that in normal osteoblast cell line, including transcription and translation. Plasmid vectors carrying target gene fragments are transfected into cells to realize the stable expression of products of target genes in cells. This cell transfection method is reliable and stable, and is widely used in the cell transfection technology. In this study, plasmid vectors carrying FHIT gene were transfected into Saos2 cells. It was found that the transfected FHIT gene could be stably expressed in Saos2 cells, which increased the expression of FHIT gene mRNA and protein, indicating that the cell transfection was successful. At the same time, this study manifested that Saos2 osteosarcoma cell line had a high proliferation rate and a low apoptosis rate compared with normal osteoblast cell line. However, after transfection with FHIT gene, the proliferation rate of the transfected Saos2 osteosarcoma cells was decreased and the apoptosis rate was increased. These results suggest that FHIT gene regulates the proliferation and apoptosis of Saos2 osteosarcoma cells, inhibits the proliferation and promotes apoptosis of osteosarcoma cells.
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###### 

Primer sequences.

  Name    Primer sequences
  ------- ------------------------------------
  FHIT    F: 5′-TTGGGGCGCGGGTTTGGGTTTTTAC-3′
          R: 5′-CGTAAACGACGCCGACCCCACTA-3′
  GAPDH   F: 5′-ACGGCAAGTTCAACGGCACAG-3′
          R: 5′-GAAGACGCCAGTAGACTCCACGAC-3′

FHIT, fragile histidine triad; GADPH, glyceraldehyde 3-phosphate dehydrogenase.
